also confirmed by a distinct UV absorption maximum at 300-334 nm indicating the occurrence 5 of an aromatic substituent, in line with Reichelt et al. 13 and Lee et al. 15 As 29 occurred more frequently and in a higher abundance than 27 and 30 (Table S5-6) , and 29 yielded a fragment ion at m/z of 265, it is suggested that 29 corresponds to 6'-O-sinapoyl (or isomer)-3-butenyl GSL (Figure S4) .
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Tentative annotation of GSLs in UHPLC-PDA-ESI-MS n analysis
General criteria for GSL annotation
In the MS 2 fragmentation (Table S2) , the deprotonated molecular ion [M-H]of intact GSLs produces sulfated glucosyl ion at m/z 259, which is the signature fragment ion for GSLs ( Figure S1 ). [1] [2] [3] The relative abundance of this fragment ion depends on the side chain.
Frequently, this fragment ion is predominant or at a high abundance. (Methylsulfinyl)alkyl GSLs (1, 3, 6, 25) consistently have a predominant fragment ion [M-H-64]due to a neutral loss of CH3SOH ( Figure S1) . 2, 4 The other fragment ions of GSLs in the MS 2 , shown in Figure S1 , are at m/z 195, 241, 275, and 291 which are assigned as thioglucosyl anion, C6H9O8S -, the sulfated thioglucosyl anion, and C6H11O9S2 -, respectively. 6, 7 Two indolic GSLs which exhibit identical molecular masses, i.e. 4-methoxyindol-3ylmethyl GSL (22) and 1(or N)-methoxyindol-3-ylmethyl GSL (24), were distinguished by comparison with reported elution order during RP-LC separation. 1, 8 In agreement with He 9 , 4methoxyindol-3-ylmethyl GSL, which has a C-NH group, is more polar than 1-methoxyindol-3-ylmethyl GSL with its C-N-OCH3. 9 Additionally, in agreement with Olsen et al. and Pfalz et al. loss of OCH3 from N-methoxy was observed, but not from C-methoxy indolic GSLs ( Figure   S2 ). 10, 11 2. Tentative annotation of GSLs acylated at thioglucosyl group By extrapolation of MS fragmentation patterns from previous studies on purified acyl derivatives of other GSLs, 12, 13 four peaks were tentatively annotated as sinapoyl (or isomer) derivatives of p-hydroxybenzyl GSL and 3-butenyl GSL.
In MS 2 , 26 (m/z 630) was fragmented to the predominant ion m/z 424. The fragmentation refers to a loss of 206 Da, which possibly represent a sinapoyl group or another dimethoxyhydroxycinnamic acid. In addition, a fragment ion at m/z 223, which refers to anion of sinapic acid or isomer, was present at a high abundance. A neutral loss of 206 and a fragment ion of 223 have been attributed to a sinapoyl (or isomer) derivative of (S)-2-hydroxy-2-phenethyl GSL (glucobarbarin) where the sinapoyl (or isomer) group was attached at thioglucosyl group. 12 Furthermore, the position of the sinapoyl (or isomer) group at the thioglucosyl group and not at the side chain was confirmed in our study, as fragment ions at m/z 465, 401, 481, and 497 were observed ( Figure S4 and Figure S5 ). Additionally, Bianco et al. 12 observed a fragment ion at m/z of 235 for the purified 6'-O-isoferuloyl-(S)-2-hydroxy-2-phenethyl GSL, which was proposed to be an ion corresponding to isoferuloyl attached at 6'-position. Likewise, if sinapoyl (or isomer) group replaces isoferuloyl group, the fragment ion will have an m/z of 265 ( Figure   S4 -A). This fragment ion was observed for 26. Furthermore, previous studies have indicated that acylation of GSLs at the thioglucosyl group mostly occurred at the 6'-position. [12] [13] [14] Taken together, 26 was tentatively annotated as 6'-O-sinapoyl (or isomer)-p-hydroxybenzyl GSL ( Figure S6 ).
Similar to peak 26, peaks 27, 29, and 30 had a neutral loss of 206 Da in MS 2 fragmentation, giving a fragment ion at m/z 372, corresponding to 3-butenyl GSL. Based on this, 27, 29, and suggestion of hydroxylated alkenyl GSLs. However, 10 eluted later than (R)-2-hydroxy-3butenyl GSL (2), whereas 28 eluted much later than 2-hydroxy-4-pentenyl GSL (7) . This raises the possibility of being oxoalkyl GSLs. 5-Oxoheptyl GSL was discovered by Kjaer and Thomsen 16 in another plant family, i.e. Capparidaceae. However, to date there is no fragmentation data reported for oxoalkyl GSL that would support the neutral loss of 18 Da.
Therefore, the structures of 10 and 28 could not be tentatively annotated and were grouped as unclassified aliphatic GSLs (Table S3) , with potential side chain formulae of C4H9 or C3H5O and C7H15 or C6H11O, respectively.
In contrast, 16 and 23, whose similar molecular weight to 2 and 7, respectively, did not demonstrate a neutral loss of 18 Da in the MS 2 fragmentation. Meanwhile, 2 and 7, tentatively annotated as hydroxylated alkenyl GSLs (confirmed by the authentic standard 2), demonstrated a neutral loss of 18 Da. Furthermore, retention times of 16 and 23 were substantially later than 2 and 7. Therefore, 16 and 23 were possibly alkyl GSLs with C5 and C6, respectively (Table   S3 ). However, our analytical method could not distinguish isomers (straight or branched alkyl chain).
According to the molecular weight, 12 (436 Da), 18 (438 Da), and 19 (450 Da) could be aliphatic or benzenic GSLs, but not indolic GSLs (Table S2 and Table S3 ). Because 12, 18, and 19 were present as trace peaks, the UV absorption around 260-270 nm shown in Figure S7 could not be used as basis for the tentative annotation. These three peaks showed similar fragmentations, e.g. a neutral loss of 18 Da. According to the molecular weight and assuming that the possible subclasses of aliphatic GSLs in our samples are as mentioned in Table S3 with possible modifications of hydroxylation, oxidation, and desaturation, 18 (438 Da) could be an aliphatic GSL, e.g. 3-(methylsulfonyl)propyl GSL. However, the retention time of 18 (9.95 min) was most likely in a disagreement as its polarity should not be largely different from 3-(methylsulfinyl)propyl GSL (1, 1.44 min). Therefore, 18 would possibly be a benzenic GSL, rather than an aliphatic GSL.
The possible side chain formula for 18 would be C8H9O. The possible structure is a hydroxylated phenethyl GSL or a methoxylated benzyl GSL, where the substitution could be on the phenyl ring or on the alkyl chain. Furthermore, 18 suffered a neutral loss of 18 Da in the MS 2 fragmentation. For the case of benzenic GSLs this loss is often associated to hydroxylation on the alkyl chain, rather than on the aromatic ring. 2, 18 In line with our study, the loss of 18 Da was not observed for the standard p-hydroxybenzyl GSL (5). Agerbirk et al. 18 also found similar observation for p-and m-hydroxyphenethyl GSLs. Furthermore, based on what has been found in nature, 12,19 2-hydroxy-2-phenethyl GSL would be more likely for GSL 18 than 1-hydroxy-2phenethyl GSL. Unfortunately, our analysis did not include the standards of any hydroxylated phenethyl GSLs nor methoxylated benzyl GSLs, and, thus, was not able to distinguish these isomers. Therefore, 18 was suggested to be a benzenic GSL with a possible side chain formula of C8H9O.
8 Figure S1 . Characteristic MS 2 fragmentation of GSL anions. 1, 4, 5 For the sake of clarity, the acyl group is drawn as sinapoyl. According to Bianco et al. 12 , the fragment ion at m/z 235 was only observed for 6'-substitution for isoferuloyl, where the analog fragment ion for sinapoyl (or isomer) has m/z of 265. This fragment ion was observed for 26 and 29. Therefore Table S3 . For the sake of clarity, the acyl group is drawn as sinapoyl or salicyloxy. a The response factors of aliphatic GSLs, aromatic GSLs, and indolic GSL were set relatively to 4-pentenyl GSL, p-OH-benzyl GSL, and indol-3-ylmethyl GSL, respectively. The values were an average of three independent repetitions with a relative standard deviation less than 11%. The relative response factors of p-OH-benzyl GSL and indol-3-ylmethyl GSL to 4-pentenyl GSL were 0.53 and 0.74, respectively. b Bold face numbers correspond to the numbers in Table S3 . Figure S7 . GSLs have a characteristic UV spectrum, typically a maximum near 225-235 nm from the thiohydroxymate group. There is no λmax at 280 nm for benzenic GSLs, which is characteristic of indolic GSLs. The λmax of indolic GSLs can vary from 265-301 nm depending on the substituents. Additional λmax around 300-334 nm corresponds to aromatic acyl moiety. In the text, the aromatic acyl moiety is frequently mentioned without the word "aromatic". b Even or odd number depends on the class. (4), 263 (7), 262 (7) C23H23NO12S2possible 4-salicyloxy (or isomer)-I3M GSL
Sa_Ro-G a
The annotation of 12 GSLs marked with (*) was confirmed by the authentic standards. The word "possible" indicates that the suggested GSLs have never been identified in Brassicaceae plants by conclusive methods. b
The apparent λmax was only ~233 nm. c The m/z of the molecular anion of a GSL, [M-H] -, is the same as its molecular weight. Mostly 5 isotopes were detected in MS spectra for [M-H] -: M, M+1, M+2, M+3, M+4 with relative abundance of 100%, 15-23%, 11-17%, 2-4%, and 1-2%, respectively. The most abundant fragment ion is mentioned at first without any brackets following afterwards. The most abundant ion in MS 2 fragmentation was further fragmented in MS 3 . e The position of hydroxylation (x) could be at 2 or 3. 10,17 f The side chain formula of C4H9 and C7H15 can refer to alkyl GSLs, whereas C3H5O and C6H11O can refer to x-oxoalkyl GSLs or hydroxylated alkenyl GSLs. However, the tentative annotation for peaks 10 and 28 remains as unclassified GSLs (further explanation can be found in section 4). g Because peak 18 was present in trace amounts, its UV spectrum (Figure S7F) could not be used for tentative peak annotation. Multiple isomers for 18 could be possible, i.e. a non-phenolic or phenolic hydroxylated phenethyl GSL or a methoxylated benzyl GSL. Table S4 . Content of GSLs in the untreated (U), germinated (G), R. oryzae-germinated (Ro-G), F. graminearum-germinated (Fg-G), and F. oxysporum-germinated (Fo-G) S. alba (Sa) seed. Table S5 . Content of GSLs in the untreated (U), germinated (G), R. oryzae-germinated (Ro-G), F. graminearum-germinated (Fg-G), and F. oxysporum-germinated (Fo-G) B. napus (Bn) seed.
no. GSL a content (µmol/g DW)
Bn_U
Bn_G Bn_Ro-G Bn_Fg-G Bn_Fo- G  Table S6 . Content of GSLs in the untreated (U), germinated (G), R. oryzae-germinated (Ro-G), F. graminearum-germinated (Fg-G), and F. oxysporum-germinated (Fo-G) B. juncea var. rugosa rugosa (Bj) seed.
no. GSL a content (µmol/g DW)
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